criticism for its limited applicability to situations under uncertainty and complexityö in which most real-world social conflicts take place. As Scho« n (1987) argues, problems modelled on the well-established ground tend to be relatively unimportant according to prevailing standards of rigour; but important problems of the`swamp' are necessarily subject to nonrigorous inquiry. Furthermore, problems modelled with technical sophistication are often inaccessible to nonspecialists, which inevitably reduces the range of potential`collaborators' in spatial decisionmaking. Although SDSS ultimately aim to enhance the democratic processes for conflict resolution through objective and transparent procedures, these negative features could be abused to constrain the democratic process: experts could conceal real issues within a number of scientific and technical assumptions made on the models.
Such claims have resulted in a new paradigm of OR, namely problem structuring methods (or soft OR). According to Rosenhead (1989) their primary objective is to enrich and inform collective judgment by its extension of rationality to the partial structuring of complexity and uncertainty. They focus on the participatory processes for identifying the problem itself, rather than how to solve it technically. This is designed to facilitate`bottom-up' decisionmaking, which would ensure procedural justice in conflict resolution. Some CSDM research has reflected this debate in the OR community. Couclelis and Monmonier (1995) termed such CSDM systems spatial understanding support systems (SUSS), in contrast with spatial decision support systems. SUSS principally aim to serve as a medium for exchanging spatially referenced information about a conflict, based on greater integration of well-structured and ill-structured data with social judgment.
SUSS have been developed specifically as a tool for public participation in urban planning, for which this approach has evident attractions. Examples that can fall into this category include Heywood and Carver (1995) , Jankowski (1998), and Tweed (1998) . Jankowski (1998) argues that the appeal of this alternative approach comes from the fact that generally people are more visually than analytically oriented. Further support for this approach comes from Couclelis and Monmonier (1995) , who argue that it is crucial in community conflicts for the public to identify for themselves what options they have; the public would least like to be presented with an already fixed set of options to take up. It is this kind of social process that SUSS aims to facilitate. This paper covers the development of CRANES (coordinator for rational arguments through nested substantiation), an information system based on the SUSS approach that could be used as a medium for spatial conflict resolution in local communities. Particular emphasis is placed on the representation of a conflict regarding its three different dimensions: namely geographical, strategic, and argumentative. CRANES is designed to handle the large amount of public information circulated in connection with a conflict situation. Its design objectives are described in the second section, and more detailed explanations of the design are provided in the third section. The fourth section reports an introduction of CRANES into a real community conflict that arose over an urban regeneration scheme at Gospel Oak, London. Based on its results and analysis, in the final section conclusions are drawn as to the feasibility and potential of such systems. Implications of using information technology for future decisionmaking processes in urban communities are also discussed.
2 The objectives of CRANES CRANES was developed as a communication medium for achieving the SUSS approach. The problems for which CRANES is designed are community disputes over the local environment, as linguistic practices in urban policymaking have increasingly been regarded as significant (Hastings, 1999) . In these situations, people involved in a conflict are often uninformed as to what issues need to be particularly looked at, how other people view the problem, and which of the others' views deserve careful attention.
In an attempt to tackle this problem, CRANES aims to promote policy discourse between conflicting parties by providing a virtual venue (that is, an information system) for exchanging their views. Guided by the system, users can explore what other people have argued about a conflict. They can also make their own arguments as a response when provoked by an existing argument. In this way people may establish collective knowledge about the conflict, which could be regarded as a self-organising public resource for group decisionmaking.
Whereas other researchers have incorporated argumentative data into GIS (see Karacapilidis et al, 1997; Tweed, 1998) , CRANES is unique in that it represents the balance of arguments associated with geographical objects. Indeed, CRANES regards a geographical representation as only one of the three ways of handling information about a conflict, the other two being strategic and argumentative. These links make it possible for users to reach the same set of information, such as other peoples' arguments, by using whichever method they prefer in constructing their view of a conflict. In short, CRANES provides multiple access points to the crucial information about a conflict.
CRANES is intended to evoke more interaction between players and subjectsöor, according to Eden (1996) , between those who have a clear interest in the situation and power to influence the future, and those who have a clear interest but lack the power to influence the outcome of the conflict. In a community conflict, possible players may include local government, principal local businesses, and representatives of community organisations. Possible subjects then include individual local residents and mediators. With CRANES, subjects gain an alternative way of influencing players' perceptions, and hence their actions, by raising unrecognised grounds of a particular view. Players may also use the system in order to make subjects better informed of the rationale of their decisions.
In this respect CRANES has a parallel with traditional non-computer-mediated methodologies. For example, the Planning for Real approach developed by the Neighbourhood Initiative Foundation aims to facilitate the policy process by accumulating views held by local residents on various community needs through a series of workshops (see Gibson, 1991; Pacione, 1996) . This approach also shares with CRANES its objectives, such as to``indicate disagreement without focusing attention on the protagonists'' and to``show what you mean, not just talk about it'' (Gibson, 1991, page 5) .
It is evident from these examples that the non-computer-mediated methods are at least equally useful to achieving many of the objectives of CRANES. Nevertheless they are still subject to practical and physical constraints. For instance, a Planning for Real exercise does not necessarily facilitate dialogues between those residents who did not actually meet each other in a certain physical setting. CRANES is designed to alleviate some of these limitations by substituting for part of the functions that have been served by the traditional methods.
3 Design of CRANES: geographical, strategic, and argumentative representation of a conflict In this section CRANES is described in detail. CRANES was developed as an application software of the Smallworld GIS that runs under the Unix X-Windows environment (Smallworldwide Ltd, 1994) . It was programmed by using Smallworld Magik and other development tools of the Smallworld GIS. Users can access CRANES through client workstations or personal computers with X-Windows emulation software.
Data handled in CRANES are of two types. First, background information on a conflictösuch as the players involved, possible scenarios of the conflict, and geographical data of the relevant areaöis stored in the system by a system administrator. Second, the system receives and stores natural language arguments that users make in relation to the background information. These inputs are structured and presented by using three different representation methods: geographical, strategic, and argumentative. All these three representation methods are described in the following subsection based on the context of the case study which will be described in the next section.
Geographical representation of conflict in CRANES
CRANES displays the geographical aspect of a community conflict. This is made possible by embracing in itself functions of GIS. The main purpose for this representation is to show users how a spatial facility is related to particular issues of a conflict. In figure 1 a geographical map shows the area in which a community conflict arose over an urban regeneration scheme. The map also includes a detailed computer-aided design (CAD) image of the learning centre, which was the main subject of the conflict.
Those spatial facilities shown in the map have two roles in providing information about a conflict. First, they can inform users where the facilities in dispute are, why they may be spatially problematic, and how they are related to other facilities. Additional information about these facilities could also be obtained by opening up a separate window. Second, the spatial facilities can also lead users to strategic and argumentative information related to them. Via this link, users can explore arguments based on the spatial facilities in which they are interested.
The GIS element in CRANES enables users to carry out most conventional GIS analyses such as spatial query or thematic mapping. One could easily combine a traditional spatial query with the CRANES browsing functions. For example, one might ask:``What has been argued about those facilities neighbouring the learning centre?'' More analytical queries may be handled in collaboration with a GIS specialist or`human chauffeur' (Jankowski, 1998) , who drives the operation of the system on behalf of end users. Such a human chauffeur would equally be of help to less technically specialised users, as many of the subjects in community decisionmaking are likely to be. It must be remembered that the emphasis here is always placed on the representation of how a real-world object is related to a conflict, rather than the optimum solution to the conflict. Therefore relatively simple use of GIS functions is sufficient to serve the main objective of CRANES.
Strategic representation of conflict in CRANES
In CRANES the strategic aspect of a conflict is represented in the strategic map window. This representation is achieved by broadly employing the`analysis of options' method proposed by Howard (1971) . An example of a strategic map is shown in figure 2 . Each rectangle in the figure corresponds to a scenario, each of which is constituted by a particular combination of players' option choices. In terms of data modelling, a link between the strategic objects (scenarios and preferences) and a spatial object is established by making a`many-to-many' relationship between the corresponding objects. In other words, spatial objects and scenarios can both have multiple links to others. For example, the scenario Flats and Learning Centre may be associated with the site for the Learning Centre and other spatial facilities such as neighbouring roads and library. The strategic objects also have many-to-one relationships with the`argument' objects, which own the substance of an argument and its relations with either a strategic object or a parent argument object. The data model of CRANES is shown in figure 3 (see over).
This data model means that every argument posted to the system by a user must be made in association with one or more scenarios and/or improvements in the strategic map window. This design reflects the role of the strategic objects: they work as anchors' that associate geographical objects with arguments. The strategic map window may well be the most usual entrance from which a user enters multifaceted information about a conflict. The main objective of the strategic representation is to help users brief a situation and decide on which issue they would focus. 
Argumentative representation of conflict in CRANES
The third representation method concerns the argumentative aspect of conflict. Owing to its nature as a medium for policy discourse CRANES gives a crucial role to arguments posted by users. The need for an effective argumentative representation of a conflict arises from the fact that arguments made repeatedly tend to result in too much complexity. A method for helping users to explore and respond to existing arguments was thus developed.
CRANES offers two distinct images of arguments:`unfolded' and`folded'. An unfolded image of an argument is provided in the argument tree, as shown in figure 4. The argument tree lists arguments in association with the strategic objects öthat is with scenarios or improvements in a strategic map [see figure 4(a)]. Arguments made as responses to existing ones are listed below their parent arguments with an indentation. Users can open up a separate window in order to explore the details of any selected argument [see figure 4(b)]. The argument tree can be used for tracing the track of the parent arguments or for examining all the dependents of a particular view.
CRANES also offers a folded image of arguments. The folded image of arguments appears in the strategic map window. As a strategic map window is presented not as a view agreed by all the users, but as an assembly of views that evolve continuously, there arise issues concerning the plausibility or legitimacy of the strategic map. As CRANES employs argumentative analysis of options (AAO), an extended version of analysis of options developed in Horita (2000) , a strategic map in CRANES can contain alternative but mutually exclusive improvements for a player, of which one may be less plausible'öas explained belowöthan others. Without an appropriate method for learning which move is more plausible, users could hardly find out information for judging what would or should happen in the situation. The AAO approach to the problem is to weigh each scenario and preference in a strategic map in terms of how grounded it is by associated arguments. These strategic objects are then displayed with a graphical feature that represents its weights. Note that the preferences and the boundaries of the scenarios in figure 2 consist of lines of varying width; and the background patterns of these objects also differ. Such widths and styles are determined based on the function of each argument to its parent object (that is, either a scenario or a preference, or an argument).
The differing widths correspond to the balance between support for and challenge to each object; and the styles correspond to how many arguments it has triggered. They can be used to represent: the plausibility of a player's preference (``Do they want it? ''); the plausibility of an option (``Would they ever do that? ''); and the social legitimacy of a certain scenario or preference (``You could, but you shouldn't '').
Users can hence examine the consistency between their own views and what is shown in the strategic map window. Those usersöor more particularly subjectsö who, according to this information, find the existing arguments balancing against their wishes may be motivated to make a new argument. This process will tend to prevent a strategic map from being based only on relatively few posted arguments, and thus result in more robustness in its representation. Users may also employ this information as a guide to exploring the substance of arguments in more detail.
Collectively these representation methods are designed to be used interchangeably, in order for users to approach efficiently those issues with which they are most concerned, and to keep track of the general context of a conflict (see figure 5, over). With this capability, CRANES aims to inform them how each subissue is linked to others and how a conflict could be looked at from different perspectives. How well these representation methods fit into the context of the real-world conflicts, however, is a separate issue that needs to be investigated empirically. In the next section such an attempt to introduce CRANES into an actual community conflict is thus described. 4 Application of CRANES to a conflict over the construction of a community learning centre at Gospel Oak, London In order to test its applicability in a real-world context of community conflicts, CRANES was introduced to a public consultation exercise for a disputed urban regeneration scheme as a case study. Postconsultation interviews with main actors of the conflict were also carried out in order to examine the value of the information gathered by CRANES through this process. I will present here the outline of the whole process in which the process in which the system was used as an alternative communication medium for urban policy discourse.
Background
The project to which CRANES was introduced is part of an urban regeneration scheme, the Capital Challenge scheme at Gospel Oak, London. The area had been highlighted as needing to undertake comprehensive regeneration initiatives at a local level, because of the relatively high concentration of unemployment and deprivation. The Gospel Oak Capital Challenge scheme, coordinated by the London Borough of Camden, the local council of the area, included an extension of a local library in the area. The extension would house a flexible learning centre as a homework club for local children in the evenings equipped with information technology facilities. The scheme also proposed a Housing Association development above the extension in order to co-finance the Learning Centre project.
This project, however, had been much disputed in the local community. There were a number of issues, which included: that the area was already overpopulated so the local residents did not want any new housing development; and that the footpath that had been used as a shortcut would be closed as a result of the development. Most of all, as has been admitted by some of those concerned with the project, sufficient consultation with the local residents had not been carried out before the outline of the proposal was disclosed by the local council.
The resulting local opposition led the council to set up another consultation process. They decided to organise exhibitions with availability of council staff to discuss the issues with the local residents. At this stage the Coordinator of the scheme agreed to use CRANES as an alternative method of demonstrating the project, as well as the views raised by participants in the consultation.
Implementation
The consultation took place in the library (at the rear of which the learning centre would be built) on four separate days in September 1997; each session lasted for 2 to 4 hours. CRANES was displayed in the consultation and any interested participant could use the system. The system was implemented by using a personal computer, which was connected remotely with a Unix workstation that ran CRANES at the speed of 28.8 kbps. The software used by the terminal computer was eXceed for Windows, an X-Windows emulation software.
Before the consultation, some data were preentered to the system. This included: a geographical map covering the project area and CAD images of the learning centre; possible scenarios of the project; descriptions of each scenario; principal players and their positions (that is, the scenarios that they stood for); and possible arguments and counterarguments about each scenario. The substance of the data was decided on by discussions with the council staff. In view of the politically sensitive nature of the consultation, some possible scenarios and options that were thought to be too confrontational, or that could prejudice the subsequent discussions, were not included in the initial data. This typical context of the use of CRANES indicates some practical limitations in representing the real information. Socially appropriate implementation methods for introducing CRANES, as with other media for political communication, therefore need to be sought in future research.
During the consultation, people who came to the exhibition could explore the information displayed in CRANES. There were a few staff present who were responsible for explaining the project. Other panels and posters were also used as materials for describing the project. Although the overall turnout was not very high öthere were approximately fifty people in totalösome did make use of the system for browsing the arguments about the project. Users could respond to these arguments directly in the system (in which case the author assisted as a`human chauffeur'), or complete a questionnaire form that was distributed at the site. Arguments made in the questionnaire forms were immediately entered into the system so that following participants could see the substance of what other participants had already said about the project. As a result, the public's views of the project were assembled and represented in CRANES. Figure 5 is the final image of CRANES at the end of the consultation, reflecting the arguments of the participants in the consultation.
Results of the consultation exercise
A part of the arguments made in the consultations are listed in figure 6 (see over) . The arguments are shown in the same format as that used in the argument tree of CRANES. The advantage of using CRANES was highlighted when participants attempted to explore the relevance of others' arguments to the geographical or strategic dimension. Arguments often referred to particular locations in the area, in which case the links between the argument tree and the geographical map was of help.
Some people, for example, did not know where the underground car park was, but could be shown the location on the main map as they read through the arguments on the issue. The link between the geographical window and the argument tree (via the strategic map) helped them to extract arguments relevant to a particular spatial object. The multidimensional representation of CRANES made possible a simultaneous examination of these different aspects of peoples' arguments. Without CRANES, such activities would be less systematic and more contingent on the skills and knowledge of the staff.
Though it could be argued that use of too many representation methods might result in unnecessary complexity, such a problem did not surface during this case study. Few participants attempted to examine all the three representation methods exhaustively. Instead, most concentrated on those representations which were of particular relevance to them. In either case there was no apparent confusion over the system's representation among the participants, who were provided with the human chauffeur's constant guidance.
The outcomes of the consultation exercise suggest the complementary status of CRANES as a possible communication medium for the consultation. Many technical constraints of CRANES have been identified, including the slow operating speed, small display, and lack of sophistication in user-interface as a prototype system. Though these constraints made it implausible for CRANES to replace the traditional communication modes, some functions demonstrated by CRANES were unique. For instance, without CRANES it would have been an unrealistic task to attempt to present peoples' arguments as they were made throughout the consultation. It was only made possible by the capability of CRANES to structure the argumentative information with its geographical and strategic dimensions. Such an enhanced capability of dynamic information management can be claimed as a positive feature of CRANES.
It must still be said, however, that the main outcome of this consultation exercise was the collected information itself, rather than the communication process activated by this information. This assembly of arguments was established as a database of spawn argument, whose parent is shown with a higher level of the indentation supporting the parent argument challenging the parent argument Figure 6 . Arguments made about the scenario`Flats and Learning Centre'. public views of the Learning Centre project. It is at the stage of the following in-depth interviews that this outcome proved useful as a basis for further policy discourse.
Postconsultation interviews
After the consultation, in-depth interviews were carried out. The objective of these postconsultation interviews was to examine whether and how the information collected in the consultation exercise could be utilised as a resource for policy discourse. Interviewees were selected from each of the different actors who were actively involved in the Learning Centre project. Those actually interviewed were: one member of staff of the Housing Association; the Housing Officer of Camden Council; a member of Council library staff; a local Councillor; and the Chairman of a community organisation. Most of the interviews took place at the interviewees' workplaces during the period from 18 February 1998 to 13 March 1998, with each lasting approximately thirty minutes.
In each interview the author brought all the information collected in the consultation to the place of the interview. As it was practically difficult to connect with the main database of CRANES from the sites where the interviews took place, a different, mobile version of CRANES was developed by using ArcView 3.0 and its script language, Avenue. Using this software, the author and interviewees could retrieve any argument made in the consultation if requested.
The main question asked to each interviewee concerned what arguments, if any, they thought needed to be added. An interpretative analysis of the interviewees' responses to the information shown by the system follows (for a detailed report, see Horita, 1999) .
In presenting an interviewee with a summary of the arguments collected during the consultation exercise, the multidimensional representation capability of CRANES was often of help. For example, one interviewee, when presented with the argument that`l ocal youth will set fire to the bin store'', asked where the bin store was. The author then pointed to its location on the geographical map; and he said:``Oh, that street is full of rubbish. They'd set fire to anything!'', having recognised the geographical context of the argument. Though this particular issue may not be central to the main Learning Centre project, such a development of arguments was facilitated by the interchangeable use of the geographical map and the argument tree.
A list of the arguments displayed in CRANES worked as a catalyst for further discussions on the Learning Centre project. These arguments stimulated the interviewees to develop their arguments, and thus enriched the assembly of arguments itself. As they in principle had a virtually infinite number of options over what argument to make, those arguments shown by CRANES appeared to guide the interviewees' presentation of arguments. The fact that arguments presented by CRANES were contextually structured also helped the interviewees to see the relevance of each point they made to the whole context. This process in which the interviewees developed their arguments suggests that the information presented by CRANES could be of value as a public resource for policy discourse. As Weick (1995) argues, the quality of information is enhanced as each faction of arguments challenges the information presented by the others. Argumentative information hence helps peoples' sense-making of a policy process and tackles ambiguity and uncertainty associated with a public policy. In the context of this case study, use could potentially have been made of this information in a decisionmaking stage following the consultation phase, as a possible starting point for policy discourse.
Also, an alternative implementation in which the new arguments developed by interviewees were presented back to the public could have been possible. This would have informed the public whether and how their comments were acknowledged by those managing the Learning Centre project. Such an alternative implementation would require different arrangements; in this case study, for example, interviews with the principal players and the consultation exercises would have needed to be carried out alternately. As these arrangements could arguably enhance the quality of the information gathered by CRANES, this implementation could be considered for future application.
Conclusions
This study has demonstrated that it is technically feasible to use an SUSS dealing with community disputes as an alternative, complementary communication medium for community decisionmaking. Two forms of implementation were tested: as a standalone system in a fixed remote site; and as a pseudo-distributed system in a mobile environment. Both of them successfully confirmed the flexibility of CRANES in its implementation method.
The social conditions and constraints under which such systems could potentially be introduced into a real community conflict were also explored through the experience in this case study. It is often the case that use of those SUSS designed for intervention into conflict situations is made impossible or undermined by their own requirement for information that cannot realistically be gathered or presented for social reasons. Though this case study too faced the need to adapt to the political context, it was demonstrated that CRANES still works with the information which the participants in the consultation process agreed to use as a basis for group discussion.
It is possible that CRANES is outperformed by the traditional communication modes, such as face-to-face communication by using paper maps, so far as the presentation of single-dimensional information on the conflict is concerned. However, it was observed that the more complex the structure of the information, the more helpful the links with other dimensions of the conflict were found to be. The data management capability of CRANES for handling peoples' arguments on site, which achieved dynamic visualisation of conflict throughout the consultation exercise, was also an advantage of computer-aided systems.
Furthermore, the result of the postconsultation interviews indicates the possibility of an alternative consultation process, in which the information provided by CRANES could in principle be used as a public resource for stimulating policy discourse. Even when users were already aware of existing arguments, new developments of the arguments were contributed in response to existing ones. This suggests a possible role that CRANES could play as an alternative medium for resolving community disputes. The substance of the dialogue that took place in the interviews could be incorporated as a part of the information presented in the public consultation.
Such an alternative method for a consultation exercise would create an opportunity for local residents to receive more feedback on their views from those organising the consultation, who are often more powerful decisionmakers. This would pave the way for a more informative, more constructive form of consultation, the need for which has been urged by students of communicative planning (Innes, 1998) . This study is thus argued to be a preliminary attempt to explore the possibility of such a communicative approach in real-world community conflicts.
It is still a long way to go, however, before these participatory GIS are introduced as serious communication media for community decisionmaking.
Further development of CRANES must be sought both in its design and in its implementation system. Among the possible extensions is its incorporation of the WWW protocol and other recent digital communication technologies (for related work, see Kingston et al, 1999; Lancashire County Council, 1998) . The technological feasibility of such an extension appears promising, as most major proprietary GIS can now be implemented over the Internet. The same argumentative representation that was employed by CRANES has also been realised as a Java applet in another recent study (Nagano and Horita, 2000) .
Social issues arising from the introduction of new public media, of which CRANES is a prototype, need equally careful research; manipulation or abusive use of information from these media could produce significant countereffects unless they are appropriately managed. Nevertheless the results of this study are not discouraging. What has come out of the study is a ground to suggest the possibility of using GIS as a public medium. In various fields relating to urban policy, their potential value is worth exploring further.
